In the jacking construction of box girder at four points, in order to move the box girder to its design position people generally use artificial experience methods in which the labor intensity is great and the adjustment time is long. In this paper, the idea of spatial coordinate transformation is used to solve the adjustment quantity of three-direction jacks in the jacking construction, the principle of box girder adjustment is given, and the calculation formula of adjustment quantity of three-direction jacks is derived. For the adjustment quantity calculation of redundant three-direction jacks in practical application of engineering, a method based on coordinate transformation matrix and one based on geometric relation are presented respectively in this paper. In addition, in this paper, the influence factors on vertical adjustment quantity of jacks are analyzed, and the results show that when the initial and design coordinates of measuring points are given, under certain conditions it can be considered that the vertical adjustment quantity of three-direction jacks is only related to X and Y coordinates of the vertexes of three-direction jacks in the initial position, this conclusion helps to reduce the workload of measurement. This paper provides a multi-directional asynchronous jacking method based on the use of computer-controlled technology with a theoretical basis.
Introduction
In the hoisting construction of box girders, it is very difficult for them to reach their design position. In general, the position and orientation of box girders are adjusted by three-direction hydraulic jacks, so that the box girders are moved from their initial position to their design position. In the jacking construction of box girders at four points, the schematic diagram of three-direction jacks positioning is shown in Figure 1 . At present, the manual adjustment method is often used in the project, which is timeconsuming and laborious, and sometimes even seriously delays the progress of the
The adjustment principle of box girder pose
As shown in Figure 1 , the box girder is supported by 4 three-direction jacks in its jacking construction. The known condition is that in the geodetic coordinate system the coordinates of the measuring points on the box girder in the initial and design position, and the coordinates of the vertexes of 4 three-direction jacks which support the box girder in the initial position. The problem is how to adjust the displacement in three directions of each three-direction jack to make the measuring points reach their design position, namely, to make the box girder reach its design position. 
Selection of measuring points
In engineering practice, the height of measuring pins on the box girder is different, and there is a certain error in the measurement. Therefore, it is necessary to select three ones from the four measuring points appropriately to reduce the error. The specific method is to eliminate the measuring point whose absolute value of the coordinate change between the design position and the initial position is maximum. In addition, the box girder is lifted by four jacks, although the more jacking points there are, the better rigidity the lifting surface has, the smaller the deformation is, and the better the stability is in [3] , but four-point jacking will cause a redundancy problem in [4] . In this paper, we only select three from the four jacks to calculate,
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The Adjusting Method of Box Girder Pose and we assume the polyhedron composed of 4 measurement points and 4 vertexes of 4 three-direction jacks as a rigid body. Without a loss of generality, we assume that the bottom of the box girder is a plane. Thus the coordinates of the vertex of the fourth jack can be solved according to the shape of the box girder and the relative position of jacks. When the dynamic coordinate system is established on a box girder, the adjustment quantity of three-direction jacks can be solved according to the idea of spatial coordinate transformation.
Establishment of coordinate system
As shown in Figure 2 , we assume that in the initial position of the box girder, the measuring points selected are A 10 , A 20 , A 30 , and the corresponding vertexes of three jacks selected are B 10 , B 20 , B 30 ; In the design position of the box girder, the measuring points are A 11 , A 21 , A 31 , and the vertexes of the three jacks are B 11 , B 21 , B 31 . The box girder is moved from the initial position ∆A 10 , A 20 , A 30 to the design position ∆A 11 , A 21 , A 31 by adjusting hydraulic jacks, namely, the correct positioning of the box girder is realized. Any coordinate system which is fixed to an object can be used as a reference coordinate system for describing the position and orientation of an object in [5] . First we create a dynamic coordinate system A 10 -X 0 Y 0 Z 0 at point A 10 , the positive direction of X 0 -axis is the same as the direction of vector A 10 A 20 , and the positive direction of Z 0 -axis is the same as the direction of vector A 10 A 20 × A 10 A 30 , thus the Y 0 -axis can be determined based on the right-hand rule; Similarly, we create a dynamic coordinate system A 11 -X 1 Y 1 Z 1 at point A 11 , the positive direction of X 1 -axis is the same as the direction of vector A 11 A 21 , and the positive direction of Z 1 -axis is the same as the direction of vector A 11 A 21 × A 11 A 31 , thus the Y 1 -axis can also be determined based on the right-hand rule. By obtaining the coordinate transformation relations between the dynamic coordinate system and, as well as the geodetic coordinate system A 10 -X 0 Y 0 Z 0 and A 11 -X 1 Y 1 Z 1 the dynamic coordinate system A 10 -X 0 Y 0 Z 0 , we can convert the description in the coordinate system A 11 -X 1 Y 1 Z 1 of the vertexes of jacks in the design position to that in the geodetic coordinate system in [6] .
Calculation of transformation matrix
As shown in Figure 2 , we assume that in the coordinate system A 10 -X 0 Y 0 Z 0 created in the initial position whose direction vectors of X 0 -axis, Y 0 -axis, Z 0 -axis are respectively assumed as a 0 , b 0 , c 0 , the direction cosines of the vectors a 1 , b 1 , c 1 which are assumed as the corresponding direction vectors of X 1 -axis, Y 1 -axis, Z 1 -axis of coordinate system A 11 -X 1 Y 1 Z 1 created in the design position are respectively (n 1 ,n 2 ,n 3 a 2 ,a 3 ) , and the coordinates of the point A 11 in the dynamic coordinate system A 10 -X 0 Y 0 Z 0 are The dynamic coordinate system A 10 -X 0 Y 0 Z 0 can be consistent with the dynamic coordinate system A 11 -X 1 Y 1 Z 1 through spatial coordinate transformation in [7] , we assume that the transformation matrix which A 11 -X 1 Y 1 Z 1 is relative to A 10 -X 0 Y 0 Z 0 is: 

We assume that the coordinate transformation matrix which the dynamic coordinate system A 10 -X 0 Y 0 Z 0 is relative to the geodetic coordinate system O-XYZ is T 2 , let
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The adjustment quantity calculation of three-direction jacks
By adjusting three-direction jacks under the box girder, the coordinate system A 10 -X 0 Y 0 Z 0 coincides with the coordinate system A 11 -X 1 Y 1 Z 1 , namely, the adjustment of box girder from the initial position to the design position of is completed. We assume that the adjustment quantity of the three jacks in the adjustment process is respectively (∆x 1 , ∆y 1 , ∆z 1 ),(∆x 2 , ∆y 2 , ∆z 2 ), (∆x 3 , ∆y 3 , ∆z 3 ), we continue to assume that D 0 is the initial position matrix of the vertexes of three-direction jacks in the coordinate system A 10 -X 0 Y 0 Z 0 and D 1 is the initial position matrix of the vertexes of three-direction jacks in the geodetic coordinate system O-XYZ, namely, 
, and
Since the expression on the right side of (1) is consists of the known values which have been solved or obtained by measuring, the adjustment quantity of the three three-direction jacks in the adjustment process can be obtained, thus the box girder can be moved from the initial position to the design position. During the installation construction of a box girder, the box girder is usually supported by 4 or more three-direction jacks. The position and orientation of the box girder regarded as a rigid body can be determined by a coordinate system. For the adjustment quantity calculation of the rest of the three-direction jacks, two ways can be adopted to deal with.
One way is to make the vertexes of the rest of the three-direction jacks and the ones of the three three-direction jacks which have been selected above (namely B 10 , B 20 , B 30 ) have the same coordinate transformation, then we can get the coordinates of the vertex of each redundant three-direction jack in the design position in the geodetic coordinate system O-XYZ, so the corresponding adjustment quantity can be obtained. Here we take the fourth three-direction jack as an example, we assume that in the initial position, the coordinates of the vertex B 40 of the fourth three-direction jack in the dynamic coordinate system 
Another way is to solve the adjustment quantity of the rest of the three-direction jacks by the geometric relation, namely, in the adjustment process of the box girder, the vertexes of the rest of the three-direction jacks are always kept in contact with the bottom of the box girder by only adjusting the Z coordinate. Without loss of generality, we assume there is a fourth jack under the box girder and the bottom of the box girder is a plane (If it is not a plane, the adjustment quantity can also be calculated by this method according to the relative position relation), the calculation procedures of the adjustment quantity are as follows. We assume that in the initial position, the coordinates of the vertex B 40 of the fourth three-direction jack in the geodetic coordinate system O-XYZ are ( 
  
Because the plane B 11 , B 21 , B 31 cannot be in a vertical state, C≠0. Thus (3) can be converted into:
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From (4), we know that the adjustment quantity ∆z 4 The advantage of the second way is that only the Z coordinate of the redundant three-direction jack along the vertical direction need to be adjusted, the adjustment process is simplified and the work intensity is reduced.
After the adjustment quantity calculation of all three-direction jacks is accomplished, the multi-direction asynchronous adjustment of three-direction jacks can be realized by multi-axis motion control system, so that the box girder can be moved from its initial position to its design position.
Analysis of influence factors on the vertical adjustment quantity of threedirection jacks
After the initial position and design position coordinates of measurement points are given, the adjustment quantity of three-direction jacks along the vertical direction is less affected by Z coordinates of the vertexes of three-direction jacks in the initial position, that's to say, it can be considered that the adjustment quantity is only related to X and Y coordinates of the vertexes of three-direction jacks in the initial position. The analysis procedure is as follows:
We assume that
thus the design position matrix of the vertexes of three-direction jacks in the geodetic coordinate system O-XYZ is:
Then, the adjustment quantity of the hydraulic cylinder in the vertical direction is respectively: 
We assume that c 0
. By separating the variable z B 10 from the expression on the right side of (7) 
Substituting multi-group actual data, for example, the initial position and design position coordinates of the measurement points as well as the initial position coordinates of the vertexes of three-direction jacks shown in Table 1 , value K obtained is very small (value K obtained from the first set of data is less than 10 -7 and values K obtained from the second and third sets of data are both less than 10 , the linear part of (11), (12), (13) can be ignored, that's to say we can have:
, and The first point
The second point
The third point
The first point
The second point
The third point
The first point 
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The Adjusting Method of Box Girder Pose Therefore, after the initial position and design position coordinates of the measurement points are given, if value K obtained is not more than 10 -6 , it can be considered that the adjustment quantity of three-direction jacks along the Z-axis is only related to X and Y coordinates of the vertexes of three-direction jacks in the initial position, that is to say, it is not related to Z coordinate of the ones, this helps to reduce the workload of measurement.
Conclusion
In this paper, the idea of spatial coordinate transformation is used to calculate the adjustment quantity of three-direction jacks in the adjustment process of box girder pose, and these theoretical calculation values can be displayed intuitively with the use of graphical user interface software. The adjustment method studied in this paper is mainly aimed at the multi-axis motion control system which can realize the multi-direction asynchronous adjustment of three-direction jacks, it facilitates the adjustment of box girders with any pose and greatly saves time. In addition, the adjustment method is also applicable to the adjustment of the box girder pose where the vertexes of many three-direction jacks are not in the same plane.
